Introduction {#S0001}
============

In the last several decades, the prevalence of diabetes is increasing dramatically in China. The prevalence of type 2 diabetes mellitus (T2DM) was around 10%.[@CIT0001],[@CIT0002] As a result, the number of patients with T2DM undergoing surgical procedures has also increased.[@CIT0003] Diabetes was associated with surgical complications. Diabetes increased the perioperative major adverse cardiovascular and cerebrovascular events (MACCEs) and individual end points were also less favorable for patients with diabetes.[@CIT0004] In addition, diabetes increased the risks of postoperative acute renal failure, deep venous thrombosis, surgical site infection, urinary tract infection and hemorrhage.[@CIT0005]--[@CIT0007] T2DM was an independent predictor for mortality after cardiac surgery and non-cardiac surgery.[@CIT0008],[@CIT0009]

Compared with non-diabetic populations, patients with T2DM are more likely to have postoperative pneumonia after surgery. Spanish Hospital Discharge Database shows that T2DM patients had a 21% higher incidence of postoperative pneumonia than nondiabetic patients in 2001--2015.[@CIT0010] The American College of Surgeons National Surgical Quality Improvement Program (ACS NSQIP) database also shows that T2DM was found to be an independent risk factor for postoperative pneumonia in orthopedic surgery.[@CIT0011],[@CIT0012] Postoperative pneumonia was a major cause of mortality after surgery.[@CIT0013] Several studies identify postoperative pneumonia as a predictor of short-term and long-term mortality after surgery.[@CIT0014]--[@CIT0019] Is there a difference in the outcomes of postoperative pneumonia between patients with and without T2DM?

The aim of the study was to explore the relationship between T2DM and postoperative pneumonia, and the effects of T2DM and postoperative pneumonia on the mortality in inpatients with surgery.

Methods {#S0002}
=======

Subjects {#S0002-S2001}
--------

We performed a retrospective study. All subjects were inpatients with surgery from the First Hospital of Qinhuangdao between December 2014 and November 2018. The inclusion criteria included the following: 1) all patients were treated with an operation, 2) subjects were men and women over 18 years of age. The exclusion criteria included the following: 1) subjects with pneumonia before surgery, 2) subjects with type 1 diabetes, other specific types of diabetes, diabetes without clear type classification or pre-diabetes and 3) pregnancy. This study was approved by the ethics committee of the First Hospital of Qinhuangdao.

Classification of Pneumonia and Diabetic Type {#S0002-S2002}
---------------------------------------------

Pneumonia was classified using the codes of International Classification of Diseases-10 (ICD-10) classifications for hospital admissions. For patients with pneumonia, the occurrence time of pneumonia was recorded. The previous pneumonia was defined as patients have pneumonia at the time of hospital admission or occurred pneumonia before surgery.

Diabetic types were classified using ICD-10. The codes of T2DM were included in the study. The codes of type 1 diabetes and other specific type diabetes were excluded. Nonspecific codes and codes of pre-diabetes were also excluded in the study.

These patients were divided into four groups according to T2DM and postoperative pneumonia, Group A subjects without T2DM and postoperative pneumonia, Group B subjects with T2DM only, Group C subjects with postoperative pneumonia only and Group D subjects with T2DM and postoperative pneumonia.

Data Collection {#S0002-S2003}
---------------

All data were extracted from the Hospital Information System. Sociodemographic variables were collected and included: age, sex, hospital length of stay (LOS) and hospital cost. Clinical data were collected and included: chronic kidney disease (CKD), hypoproteinemia, heart failure, coronary heart disease (CHD), stroke & transient ischemic attack (TIA). Emergency admissions were collected. Intensive care unit (ICU) admissions and in-hospital mortality were also collected.

Statistical Analyses {#S0002-S2004}
--------------------

All analyses were performed using the SPSS 11.5 statistical software (SPSS 11.5 for Windows; SPSS, Inc., Chicago, IL). Numerical variables were reported as mean ± standard deviation. Comparisons were conducted between groups using the ANOVA. Categorical data were reported as abnormal subjects (%) and chi-square test was used. The incidence of postoperative pneumonia was compared between patients with T2DM and without T2DM. This comparison was stratified by sex and age. Multiple logistic regression models were used for modeling relationships between T2DM, postoperative pneumonia and mortality. *P*\<0.05 was considered statistically significant.

Results {#S0003}
=======

This study enrolled 43,174 inpatients with surgery (21,255 males and 21,919 females), age 51.5±16.3 years. In these patients, 2917 patients (6.8%) have T2DM. Seven hundred and sixty-four patients (1.8%) had pneumonia after surgery. The incidences of postoperative pneumonia were higher in patients with T2DM than patients without T2DM (T2DM 3.2% vs Non-diabetes 1.7%, *χ*^2^=36.219, *P*\<0.001). The incidences of postoperative pneumonia between those with T2DM and those without T2DM were stratified by sex and age. The number of inpatients with surgery in each sex and age groups are shown in [[Supplementary Table 1](https://www.dovepress.com/get_supplementary_file.php?f=13_Nov_2019_Supplementary_Materials.doc)]{.ul}. The incidences of postoperative pneumonia were higher in patients with T2DM for both sexes (*P*\<0.001). When patients were stratified by age group, patients with T2DM have higher incidences of postoperative pneumonia in ～39 years and 40～49 years (*P*\<0.05) ([Figure 1](#F0001){ref-type="fig"}). [Figure 2](#F0002){ref-type="fig"} shows the odds ratios (OR) and 95% confidence intervals (CI) for postoperative pneumonia between surgical patients with and without T2DM stratified by age. In univariate logistic regression analysis, T2DM was associated with postoperative pneumonia in ～39 years and 40～49 year groups (*P*\<0.05). In multiple logistic regression analysis, adjusted for sex, age, emergency admissions, CHD, heart failure, CKD, hypoproteinemia, stroke and TIA, T2DM was an independent risk factor of postoperative pneumonia only in ～39 year groups (OR= 3.621, 95% CI: 1.023～12.818, *P*= 0.046) and 40～49 year groups (OR= 2.167, 95% CI: 1.008～4.659, *P*= 0.048). [[Supplementary Figure 1](https://www.dovepress.com/get_supplementary_file.php?f=13_Nov_2019_Supplementary_Materials.doc)]{.ul} shows the type of surgery in inpatients with and without T2DM.Figure 1The postoperative pneumonia between surgical patients with and without type 2 diabetes. \*Compare with non-diabetes group, *P*\<0.001; ^\#^compare with non-diabetes group, *P*\<0.01.Figure 2Odds ratios and 95% confidence intervals for postoperative pneumonia between surgical patients with and without type 2 diabetes stratified by age. Univariate logistic regression analysis, \**P*\<0.001, ^\#^*P*\<0.01.

The characteristics of patients according to T2DM and postoperative pneumonia are shown in [Table 1](#T0001){ref-type="table"}. The frequencies of males were higher in Group C than Groups A and B (*P*\<0.05). Patients in Groups B, C and D were older than patients in Group A (*P*\<0.05). The frequencies of emergency admissions were lower in Group B than Group A (*P*\<0.05). The frequencies of emergency admissions were higher in Groups C and D than Group A (*P*\<0.05). The frequencies of CHD, heart failure, hypoproteinemia, stroke and TIA were higher in Groups B, C and D than Group A (*P*\<0.05). The frequencies of CKD were higher in Groups B and D than Group A (*P*\<0.05). The frequencies of heart failure, stroke and TIA were higher in Group D than Groups B and C (*P*\<0.05). The frequencies of CHD and CKD were higher in Group D than Group C (*P*\<0.05). The frequency of hypoproteinemia was higher in Group D than Group B (*P*\<0.05). The levels of hospital length of stay and hospital cost were significantly higher in Groups B, C and D than Group A (*P*\<0.05). The levels of hospital length of stay and hospital cost were significantly higher in Group D than Groups B and C (*P*\<0.05) ([Figure 3](#F0003){ref-type="fig"}).Table 1The Characteristics of Inpatients with Surgery in Four GroupsGroupsSex (Males/Females)Age (Years)Emergency Admissions \[n(%)\]CHD \[n(%)\]Heart Failure \[n(%)\]Stroke and TIA \[n(%)\]CKD \[n(%)\]Hypoproteinemia \[n(%)\]Group A (n=39,586)19,397/20,18950.5±16.34845(12.2)1371(3.5)193(0.5)1062(2.7)119(0.3)345(0.9)Group B (n=2824)1384/144063.2±11.3^a^141(5.0)^a^471(16.7)^\`^55(1.9)^a^363(12.9)^a^64(2.3)^a^63(2.2)^a^Group C (n=671)420/251^a,b^59.5±14.0^a,b^270(40.2)^a,b^59(8.8)^a,b^38(5.7)^a,b^109(16.2)^a,b^4(0.6)^b^86(12.8)^a,b^Group D (n=93)54/3962.0±13.5^a^27(29.0)^a,b,c^16(17.2)^a,c^11(11.8)^a,b,c^26(28.0)^a,b,c^5(5.4)^a,c^14(15.1)^a,b^F or *χ*^2^51.740630.742652.3261151.548500.9091256.468281.651994.572*P*\<0.001\<0.001\<0.001\<0.001\<0.001\<0.001\<0.001\<0.001[^1][^2] Figure 3The hospital cost and length of stay of inpatients with surgery in four groups. Group A: control group; Group B: type 2 diabetes group; Group C: postoperative pneumonia group; GroupD: type 2 diabetes and postoperative pneumonia group. ^a^Compare with Group A, *P*\<0.05; ^b^compare with Group B, *P*\<0.05; ^c^compare with Group C, *P*\<0.

The frequencies of ICU admissions were 1.8% in Group A, 3.7% in Group B, 18.8% in Group C and 31.2% in Group D. In multiple logistic regression analysis, adjusted for sex, age, emergency admissions, CHD, heart failure, CKD, hypoproteinemia, stroke and TIA, the frequencies of ICU admissions of Groups B, C and D were 1.467 (95% CI: 1.167～1.844, *P*=0.001) times, 3.885 (95% CI: 3.039～4.968, *P*\<0.001) times and 8.267 (95% CI: 4.883～13.994, *P*\<0.001) times than the ICU admissions of Group A ([Table 2](#T0002){ref-type="table"}).Table 2The Relationship Between Type 2 Diabetes, Postoperative Pneumonia and ICU Admissions in Inpatients with SurgeryGroupsn(%)Model 1Model 2OR(95% CI)*P*OR(95% CI)*P*Group A (n=39,586)714(1.8)11Group B (n=2824)105(3.7)2.102(1.707～2.590)\<0.0011.467(1.167～1.844)0.001Group C (n=671)126(18.8)12.587(10.229～15.488)\<0.0013.885(3.039～4.968)\<0.001Group D (n=93)29(31.2)24.669(15.810～38.494)\<0.0018.267(4.883～13.994)\<0.001[^3][^4]

The mortalities were higher in patients with T2DM than patients without T2DM (T2DM 0.5% vs Non-diabetes 0.3%, *χ*^2^=4.107, *P*=0.043). The mortalities were 0.3% in Group A, 0.3% in Group B, 4.6% in Group C and 8.6% in Group D. In multiple logistic regression analysis, adjusted for sex, age, emergency admissions, CHD, heart failure, CKD, hypoproteinemia, stroke and TIA, the mortalities of Group C and Group D were 4.515 (95% CI: 2.779～7.336, *P*\<0.001) times and 8.468 (95% CI: 3.567～20.099, *P*\<0.001) times than the mortality of Group A ([Table 3](#T0003){ref-type="table"}).Table 3The Relationship Between Type 2 Diabetes, Postoperative Pneumonia and Mortality in Inpatients with SurgeryGroupsn(%)Model 1Model 2OR(95% CI)*P*OR(95% CI)*P*Group A (n=39,586)99(0.3)11Group B (n=2824)8(0.3)1.133(0.551～2.331)0.7340.694(0.318～1.516)0.359Group C (n=671)31(4.6)19.320(12.810～29.137)\<0.0014.515(2.779～7.336)\<0.001Group D (n=93)8(8.6)37.540(17.712～79.565)\<0.0018.468(3.567～20.099)\<0.001[^5][^6]

Discussion {#S0004}
==========

Our study shows that surgical patients with T2DM had higher incidences of postoperative pneumonia. The differences in incidence were mainly observed in patients under 50-years-old. The mortalities were higher in patients occurred pneumonia after surgery, especially in patients with T2DM.

Consistent with previous results,[@CIT0010]--[@CIT0012] patients with T2DM were more likely to have postoperative pneumonia after surgery. Unlike previous studies, the incidences of postoperative pneumonia were analyzed in different age groups in our study. In age-stratified analyses, the incidences of postoperative pneumonia increased with age group in patients without diabetes. However, the incidences of postoperative pneumonia have nothing to do with the age group in patients with T2DM, fluctuated between 2.4% and 4.8%. The ORs for postoperative pneumonia decreased with the increased age groups. These results indicated that the increased incidences appeared earlier in those with T2DM. The difference between the two groups begins to shrink after the age of 50 years.

The immune system protects against pathogen invasion. In diabetic patients, chronic dysmetabolism changed the immune response and accelerated immune aging. Adipocytokines are cytokines secreted by adipose tissue and correlated with T2DM. Adipocytokines, especially leptin, also play an important role in immune dysregulation.[@CIT0020] All this may contribute to the premature aging of the immune system in T2DM.

Postoperative pneumonia is the third most common complication in surgical patients. Postoperative pneumonia increased ICU admissions, postoperative length of stay and hospital costs.[@CIT0021],[@CIT0022] Diabetes also increased the postoperative length of stay and hospital costs.[@CIT0023] In our study, hospital length of stay, hospital cost and ICU admissions were higher in patients with T2DM or postoperative pneumonia. Hospital length of stay, hospital cost and ICU admissions further increased in patients with T2DM occurred postoperative pneumonia.

The incidences of postoperative pneumonia differed between the various surgeries. In ACS NSQIP, the incidence of postoperative pneumonia for all surgeries was 1.3%.[@CIT0024] The incidence of postoperative pneumonia was 1.8% in our study. Whether in those with T2DM or in those without T2DM, postoperative pneumonia all increased the mortality in surgical patients and the mortality further increased in patients with T2DM. When postoperative pneumonia occurred in patients with T2DM, this often means worse prognosis in these patients.

These results may be due to the following mechanisms. First, T2DM can destroy innate immunity in pulmonary, and more susceptible to infections. In an animal model, the expression of macrophage inflammatory protein 2, an important mediator of lung neutrophil recruitment, was impaired of in the alveolar macrophages.[@CIT0025] Toll-like receptors (TLRs) are important for the host response in lung infection. Monocytes from patients with diabetes were suppressed expression of TLR2 and TLR4. The expression of TLR2 and TLR4 further declines in diabetes patients with pneumonia.[@CIT0026],[@CIT0027] Monocytes and macrophages can directly phagocytose pathogens. The phagocytic and killing capability of alveolar macrophages from diabetic mice decreased.[@CIT0028] In adaptive immunity, T2DM have a diminished pathogen-specific memory CD4+ and Th17 response, and low percentages of CD+T-cells in response to *S. pneumoniae* stimulation.[@CIT0029] Second, hyperglycaemia also increased airway surface liquid glucose concentrations which drive the proliferation of bacteria.[@CIT0030] Third, T2DM is associated with impaired pulmonary function and reduced cardiorespiratory fitness.[@CIT0031],[@CIT0032]

There are limitations to our study. First, severity assessment scores of pneumonia, such as Pneumonia Severity Index, were not evaluated in our study. Second, the number of type 2 diabetes patients was small in ～39 year groups. This maybe causes a high OR in ～39 year groups. And this result should be proved by a larger sample size in ～39 year groups. Third, other confounding factors, such as smoking status, alcohol use, body mass index, diabetes complications, cancers, and lung disease, were not evaluated in our study.

In summary, T2DM is susceptible to postoperative pneumonia. The mortality increased in patients with postoperative pneumonia. In patients with T2DM and postoperative pneumonia at the same time, the mortality increased further. In T2DM patients with postoperative pneumonia, perioperative management should be improved for patient safety.
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[^1]: **Notes:** Group A: control group; Group B: type 2 diabetes group; Group C: postoperative pneumonia group; Group D: type 2 diabetes and postoperative pneumonia group. ^a^Compare with Group A, *P*\<0.05; ^b^compare with Group B, *P*\<0.05; ^c^compare with Group C, *P*\<0.05. Numerical data are expressed as mean±SD.

[^2]: **Abbreviations:** CHD, coronary heart disease; TIA, transient ischemic attack; CKD, chronic kidney disease; SD, standard deviation.

[^3]: **Notes:** Group A: control group; Group B: type 2 diabetes group; Group C: postoperative pneumonia group; GroupD: type 2 diabetes group and postoperative pneumonia group. Model 1: univariate logistic regression analysis. Model 2: multiple logistic regression analysis, adjusted for sex, age, emergency admissions, CHD, heart failure, CKD, hypoproteinemia, stroke and TIA.

[^4]: **Abbreviations:** ICU, intensive care unit; OR, odds ratio; CI, confidence interval; CHD, coronary heart disease; CKD, chronic kidney disease; TIA, transient ischemic attack.

[^5]: **Notes:** Group A: control group; Group B: type 2 diabetes group; Group C: postoperative pneumonia group; GroupD: type 2 diabetes and postoperative pneumonia group. Model 1: univariate logistic regression analysis. Model 2: multiple logistic regression analysis, adjusted for sex, age, CHD, heart failure, CKD, hypoproteinemia, stroke and TIA.

[^6]: **Abbreviations:** ICU, intensive care unit; OR, odds ratio; CI, confidence interval; CHD, coronary heart disease; CKD, chronic kidney disease; TIA, transient ischemic attack.
